The influence of floor (lowest) and ceiling (highest) effects on the outcome measure is of serious concern particularly when the outcome is measured using Likert scales. Conventional regression methods yield biased results and hence tobit regression is to be used to adjust for these effects. This paper is an attempt to use tobit regression in finding the predictors of oral health related quality of life after adjusting for floor and ceiling effects.
INTRODUCTION
T he majority of outcomes measuring the social and psychological impact of treatments have been defined as Likert scales, where items are scored within a finite range of values, often with the six possibilities 0 to 5, where 0 indicates no impact and 5 indicates the worst impact. This type of measurement is used in dental research to measure the patient's oral health related quality of life (OHRQOL). In particular, the Oral Health Impact profile (OHIP-14), a shortened version using only 14 of the 49 items of the original OHIP-49, has been widely used due to its good psychometric properties and reduced number of items.
This type of scale, and any derived composite (the total score of the items forming a given dimension, for example), yields measures that are censored on the right, on the left, or in both sides. In statistics, censoring occurs when the value of an outcome is only partially known. If a patient experiences severe day-to-day problems due to their dental illness, they are forced to give a score of 5 (the maximum). If the range of the score had been from 0-100 instead of 0-5, the individuals who were forced to give 5 for a particular question would have given different scores in the higher range. By adopting a shorter range (0-5), the items are right-censored, meaning that the true score of these individuals have not been measured accurately but have been curtailed at the highest value recorded.
When the scores of the participants cannot naturally exceed a certain value, an asymptote occurs at the largest value that the participants can score (1) . The scores of the individuals with poor quality of life would be close to the maximum and this value would be, naturally, large enough to allow for the difference between individuals with severe dental problems to be measured. A ceiling occurs when the participants are forced to give a maximum, so called the ceiling, which is much less than the asymptotic value. In OHIP-14 the ceiling takes place at 5. All those individuals with severe dental problems will score 5, the maximum allowed. This curtailment may be drastic and any bias introduced in this manner is termed ceiling effect. This potential bias comes about because the variability between those individuals with severe dental problems cannot be measured. Likewise, when the items are left-censored, we say that a floor has been fixed by the score and the bias introduced in this manner is termed floor effect.
In the presence of censoring, estimators of effects based on the conventional Ordinary Least Squares (OLS) models are inconsistent (in the sense that the coefficients will not necessarily approach the "true" population parameters as the sample size increases) and yield biased estimations of both the gradient (under-estimating it) and the intercept (over-estimating it) of the model. Many researchers have studied the impact of the ceiling effect. Some studies have identified artificial non linearity and under-estimation of the regression parameters (2) (3) . At the same time, researchers have developed new analytical techniques that can handle the ceiling effect. The use of growthcurve models have been suggested for handling ceiling effects in longitudinal data (4) (5) . In cross sectional data, Tobin (6) developed the Tobit regression model, which has been widely used in cross sectional studies where the measure has ceiling effects. These approaches apply to both ceiling and floor effects in a similar way.
The initial development of the Tobit model, based on econometrics data, was proposed by Tobin in 1958. According to Tobin, the linear regression model with censored data can be represented as , y*=a + bx + e, where y* the latent (non observable) variable of is interest, which is to be modelled based on the observed data, and e is the normally distributed error term. The observed score is y and, y = y* if y* < c and y = c if y* > c. The observed score y is measured with right-censoring and y cannot exceed the censoring point c. Many researchers have attempted to handle the floor and ceiling effects in various measurements. Brown and Muthen have separately documented the benefit of using Tobit regression to address the shortcomings of Pearson correlation when analyzing censored data (7) (8) . Nevertheless, floor and ceiling effects in the measure of Oral Health Related Quality of Life (OHRQoL) using OHIP-14 has not been explored. In this paper we attempt to examine these effects in the measures provided by the total OHIP-14 or its domains and to evaluate their impact. As for any outcome measured in the Likert scale, it is important to assess the floor and ceiling effects in the analysis of the OHIP-14.
MATERIALS AND METHODS
Patients attending King's College Dental Hospital for various dental treatments were approached to take part in this study, with approval from the London-Bromley ethical committee (13/LO/0366). Patients who could not give consent individually or did not have sufficient command of English or were under the age of 15 were excluded. After getting a written consent to take part in this research, participants were asked to fill in a questionnaire that contained the OHIP-14 instrument and other socio-demographic and oral health related behavior questions. Although the study was longitudinal (baseline and 2 and 4 months after treatment), this paper is based only on the cross-sectional analysis of the baseline data collected for the 360 individuals enrolled.
STATISTICAL ANALYSIS
In addition to the usual descriptive summaries, multiple linear regression was used to assess the relationship between OHRQoL and demographic variables. In a conventional way, the ordinary least squares (OLS), without adjusting the oral health related quality of life measure (using ohip-14) for floor and ceiling effects considering floor or ceiling effects, was applied. In addition, the Tobit regression was used, considering any potential floor and ceiling effects. The results of these two regression models were compared using the difference in the effect of predictors and the standard errors.
CENSORING IN OHIP-14
As OHIP-14 uses Likert scales, the actual score is expected to be biased due to censoring. We considered the possibility of both censoring at the lower and the upper end yielding floor and ceiling effects, respectively. We analysed the seven dimensions of the OHIP-14 score as well as the aggregate total score of all the 14 items (a composite score).
It is usual to assume the lowest score to be the left-censoring point. However, in the case of composite scores like OHIP-14 score, there are two options. One is to take the total of the lowest scale scores of all the items (in this case the lowest score is 0 for all the 14 items and hence the total is 0), which is an extreme point. The other is to consider the sum of all the lower end scores of all the items (if the scale range is 0 to 5, maybe 0 and 1 are considered as the lower ends). As there is no clear definition of lower end scores, there would be many possible options according to the range of scales. In this paper, we adopted the method suggested by Ven den Oord and Van den ark 1997 to decide on the floor and ceiling points in the case of composite data. We calculated the average item difficulty, representing the proportion of subjects whose rating is consistently biased towards the lower end of the scale (in reference to the case when a question is too difficult and most of the respondents get a low score on it). Similarly, for the ceiling point, we calculated the average item easiness, representing the proportion of subjects whose rating is consistently biased towards the upper end (in reference to the case when a question is too easy and most of the respondents get a high score on it). Tobit regression is fitted based on the calculated floor and ceiling points for the composite data.
RESULTS
Of the sample of 360 patients, 148 (41.1%) were men. The distribution across the ethnic groups was: White (68.3%), Black (16.6%), Mixed (8.4%), Asian (4.7%) and Other (1.1%). Ethnicity was missing for only 4 participants. All the participants filled in the OHIP-14 questionnaire and the oral health knowledge and behavior questionnaire, along with their demographic details. Each item of the OHIP-14 was scaled from 0 to 5, with higher scores indicating poorer quality of life. The missing data in the OHIP-14 items were filled using EM (Expectation Maximization) algorithm. The proportion of patients who have given the lowest score (floor) and the highest score (ceiling) for each of the 14 items are depicted in Fig-1 . It is clear from the figure 1 that the floor score is seen considerably more often than the ceiling score. The amount of left censoring (floor) ranged from 18.9% to 66.4% for the 14 items, while the amount of right censoring (ceiling) ranged from 0.6 to 6.7. The average item difficulty was 0.4 indicating that on average 40% of the patients consistently gave the lower end of the score. On the right censoring (ceiling), the average item easiness was 0.03, meaning that 3% of the patients tend to give higher side of the score. Therefore, the censoring points at lower side (floor) and higher side (ceiling) for the composite score of OHIP-14 were 14 and 56 respectively. The results of the ordinary least squares (OLS) and Tobit regressions (with a floor value of 14 and a ceiling value of 56) are given in table-1 for the total OHIP-14 and for each of the seven dimensions.
In the analysis of the Total OHIP-14 (Table 1) , under both the OLS and Tobit models, age (P=0.27) and gender (P=0.83) were not found to be significant predictors of oral health related quality of life. The multiple linear OLS regression analysis showed that fulltime employed, students and retired subjects had significantly lower scores (e.g. better quality of life) in relation to the unemployed group while, in contrast, under the Tobit model, only 'retired' was found to be significantly different from 'unemployed'. The higher magnitude of the regression coefficients obtained under the Tobit model indicates that the estimated effect of predictor variables on the total OHIP score is higher under the Tobit In the analysis by domains (Table 1) , in both the OLS and Tobit models, age was found to be a significant predictor of the OHIP-14 dimension Functional Limitation (P=0.01) and gender was found to be significantly associated with the OHIP-14 dimension Psychological Discomfort (P=0.04). Under both models, 'profession' was not found to be significantly associated with the OHIP-14 domains Physical Pain and Physical Disability, but it was found to be significantly associated with all the other domains. The effect of profession on these other domains was as found for the total OHIP-14: 'retired' is significantly different from 'unemployed'. In all the cases negative coefficients are obtained, showing 'unemployed' to have the worst outlook. The estimates of the regression coefficients tend to be larger under Tobit regression, confirming that the OLS, without considering floor and ceiling effects, under-estimates the effects. However, as observed, the differences were on the marginal side and the results of the significance tests for the regression coefficients were very consistent between the two models, OLS and Tobit. The results obtained under OLS and Tobit's regressions for the total OHIP-14 and the dimensions were compared using log-likelihood and model fit statistics (Table-2 The analyses we present here do not include the clinical conditions of the patients who were involved. The analysis, including the clinical conditions, will no doubt help to explore the reasons for better quality of life for retired people in relation to unemployed. However, the objectives of the analysis we present in this paper show that oral health related quality of life using OHIP-14, as an outcome measure in a Likert scale, suffer from floor and ceiling effects and that, even after adjusting for the floor and ceiling effects, gender and age are not predicting the oral health related quality of life as measured by the OHIP-14. Though the impact of floor and ceiling values were not striking, we verified that the Tobit model fits the oral health related quality of life data better than the OLS model. Hence the Tobit model for OHQOoL data improves the model predictions and fits the data better than the OLS model. Our main purpose was to demonstrate the problems of floor and ceiling effects and our findings suggest that any future studies on OHRQoL using OHIP-14 should take these effects into account when exploring the relationship between OHIP-14 composite scores and demographic and clinical variables.
